The main goal of this paper is to consider the necessary conditions of wave packet systems to be frames in higher dimensions. The necessary conditions of wave packet frames are established, which include the corresponding results of wavelet analysis and Gabor theory as the special cases. The existing results are generalized to the case of several generators and general lattices.   
Introduction
Frames were first introduced by Duffin and Schaeffer [1] . Outside of signal processing, frames did not seem to generate much interest until the outstanding work of Daubechies et al. [2] . Since then, the theory of frames began to be more widely studied. Frames have been used in signal processing, image processing, data compression and sampling theory.
An important example about frame is wavelet frame, which is obtained by translating and dilating a finite family of functions. Wavelets were introduced in the 1980s. They attracted considerable interest from the mathematical community and from members of many diverse disciplines in which wavelets had promising applications. Another most important concrete realization of frame is Gabor frame [3] . They are generated by modulations and translations of a finite family of functions.
In paper [4] , authors introduced wave packet systems by applying certain collections of dilations, modulations and translations to a family of functions. In fact, Gabor systems and wavelet systems are special cases of wave packet systems. Wave packet systems have recently been successfully applied to harmonic analysis and operator theory.
The main goal of this paper is to consider the necessary conditions of multiwave packet frames in higher dimensions. We generalize the existing results of the single generator [5] to the case of several generators and general lattices. We establish some necessary conditions for the wave packet frames of the different operator order, which is a generalization of classical wavelet frame and Gabor frame. Of course, our way combines with some techniques in wavelet analysis and time-frequency analysis. Also, we discuss necessary conditions for other wave packet frames with the different operator order. Also, we fuse some ways in wavelet analysis and Gabor theory and we mainly borrow some thoughts in classifying the sufficient conditions of the wavelet frame in existing papers such as [5] [6] [7] [8] .
Preliminaries
In this section, some notations and some results which will be used later are introduced. Let us recall the definition of frame. 
The numbers , CD are called lower and upper frame bounds, respectively (the largest C and the smallest D for which (1) holds are the optimal frame bounds). Those sequences which satisfy only the upper inequality in (1) are called Bessel sequences. A frame is tight if CD  . If 1 CD  , it is called a Parseval frame.
In this paper, we will work with three families of unitary operators on 2 () n LR . Let 
(2) The second one consists of all translation operators 22 : ( ) ( ), ,
The third one consists of the modulation operator 22 : ( ) ( ), ,
For the functions 2 ( ), 1, 2, ,
, we will consider the wave packet system  defined by the following 1,2, , , ,
Then, we obtain the wavelet systems. On the other side, we can get the Gabor systems when the set { : } pp A A P  only consists of the elementary matrix . E This simple observation already suggests that the wave packet systems provide greater flexibility than the wavelet systems or the Gabor systems.
Then, we will give the definitions of wave packet multiwavelet frame and the frame wave packet multiwavelet.
Definition 2. We say that the wave packet system defined  by (5) is a wave packet multiwavelet frame if it is a frame for 2 () n LR . Then, the functions 12 ( , , , )
is called a frame wave packet multiwavelet.
In order to prove the main results to be presented in next section, we need the following lemmas. 
The following result is well known, we can find it in [6] . Lemma 2.2 D is a dense subset of 2 ( ). n LR The following useful facts can be found in paper [5] .
. Then the following holds:
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Main Results
In this section, we will consider constructing symmetric Gabor frames with any invertible matrices Motivating by the fundament works [5] [6] [7] [8] , we will give a necessary condition of wave packet frame  defined by (5) for higher dimension with an arbitrary expansive matrix dilation in the following. Theorem 3.1 Suppose that wave packet system 1,2, , , ,
defined by (6) 
where the fourth inequality is obtained by using Cauchy-Schwarz's inequality. Thus we can define a function : Therefore, we have completed the proof of Theorem 3.1. Remark 3.1. In particular, let A the elementary matrix E in the Theorem 3.1, then, we obtain the necessary condition of the Gabor frames as the following, which is a generalization of the known result [6] in higher dimensions. 
